SIFCON (Slurry Infiltrated Fiber Reinforced Concrete) is a composite which occur hardening of the matrix phase, consists of cement, water, mineral additives, fine sand, water reducing plasticizer, and reinforced with high volume fiber (5-20%). The main difference from the high strength concrete (HSC) is the ductile behaviour at failure. However, the brittleness increases with the strength increase in HSC, SIFCON has a ductile behaviour because of the high volume fiber content, low permeability, high durability. Despite fiber content is 2-3% in fiber reinforced concrete, fiber content may be ten times more in SIFCON and ductility is gained. This concrete is suggested to be used in military buildings against explosion, industrial grounds, airports, and bridge feet. In this study, in order to investigate the compressive and flexural strengths of SIFCON, the aspect ratio and fiber volume of steel fibers were chosen as variable and the effects of these parameters on compressive and flexural strengths were investigated. In the study, steel fibers with aspect ratio of 40, 55, 65, and 80 were used in 0, 4, 8 and 12% ratios. The water/binder ratio was kept constant at 0.35. Silica fume is used 10% and water-reducing plasticizer is used 1.5% of cement by weight. 7 and 28 days cured samples were subjected to compressive and flexural tests and the results were compared. As a result of the tests carried out, increases in both the compressive and flexural strengths of SIFCON specimens were determined with increasing fiber volume up to 8%. Strength reductions were observed at higher ratios. In cases where the fiber volume is too high, it has been seen that the strengths were decreased. The reason of strength reduction can be explained by the difficulty of passing ability of mortar between the fibers. The highest strengths were obtained from fibers with the aspect ratio of 80. Increase in the aspect ratio as well as increases in compressive and flexural strengths have been found.
Introduction
Concrete is an important building material which is obtained by mixing the aggregate (fine and coarse aggregate), water, cement and if necessary, the mineral admixtures according to the desired property and strengthening the initial plastic consistency over time.
Technical features can be developed by adding different materials to the concrete in order to improve and strengthen the weak properties of concrete (Topçu and Boğa, 2005) . In order to achieve the desired performance in concrete, special concretes have been developed by producing concrete suitable for different applications. One of the special concrete types is fiber concrete. Fibers; glass, steel, plastic, different types of materials, such as aspect ratio and different sizes are produced. Such fibers are used in concretes by different volumes to improve the properties of the concrete, in particular the energy absorption capacity and flexural strength. For this purpose, mineral, metallic, polymer or natural materials having a certain ratio (size / diameter) of specificity mixed with different methods of fresh concrete are called fiber. The American Concrete Institute (ACI) committee is considered the best parameter for defining the fiber-to-fiber volume, which is the ratio of the length of the fiber to the equivalent fiber diameter. Equivalent fiber diameter; is defined as the diameter of a circle equal to the cross-sectional area of the fiber. The tensile stress and geometric structure of the fiber are the other parameters that define the fiber (Ünal et al., 2007) .
SIFCON (Slurry Infiltrated Fiber Concrete) is a cement-based, high-engineering, high-density fiber-reinforced mixture of cement, superplasticizer, very fine sand and silica fume. SIFCON's high compressive strength, flexural strength and toughness make this special concrete type superior to traditional concretes. Due to these advantages of SIFCON, it is recommended to be used in building explosion-proof structures, bridge piers exposed to high deformation and/or industrial floors (Alcan and Bingöl, 2019) .
The most important feature that distinguishes SIFCON from high strength concrete is that it exhibits ductile behaviour during breakage. The increase in strength is also the most important problem in high strength concrete. SIFCON, with its high durability, low permeability, strength and ductility properties, is a building material with fibers up to 20% by volume. Fiber content of fiber concretes is between 2% and 3%. In parallel with the fiber content used in SIFCON, the order of material ductility is about 10 times higher (Taşdemir and Bayramov, 2007) .
SIFCON allows the use of high rates of fiber with the advantage of production technique (Arslan and Aydın, 1999) . SIFCON was first produced in 1979 by the Lankard Materials Laboratory in the United States with the aim of creating a highly dense fiber system, by placing high volume of steel fibers into the mold (Lankard, 1984) . The fiber matrix of SIFCON contributes significantly to the strength of concrete as similar to fibrous concrete. Since the fibers in normal fibrous concrete are mixed together with the mixing matrix, the mixing of the fibers with the matrix is limited. This limit may be 1% or 2% depending on the fiber type and workability in the mixture. The fiber volume in SIFCON can range from 5% to 30% (Lankard, 1984; Homrich and Naaman, 1987) .
Fiber volume to be used in SIFCON depends on the type, length, diameter of the fiber and the vibration applied to ensure the full filling of the mixture matrix. By prolonging the vibration time, shorter fibers can be placed in a denser and higher volume than long fibers (Gilani, 2007) . The fibers to be used when preparing SIFCON are randomly stacked in a desired pattern, area or plate etc. at the desired volume. The array can be made by hand to the sample mold, or by large-scale applications with machines capable of fiber distribution. As previously mentioned, the amount of fiber; fiber diameter, in particular the aspect ratio (l/d), fiber geometry and placement technique. In addition, vibration can be applied when placing the fibers. Strong vibration should be applied to achieve high fiber volumes. One of the most important factors in SIFCON manufacturing is fiber orientation. Direction is mainly perpendicular to gravity and is in two dimensions. Direction effect is more effective in some fiber types than others are. Fiber orientation is a phenomenon that should be considered when designing in laboratory or wide field applications. The preparation of SIFCON test samples should be determined based on need, avoiding uneven fiber distributions. The fiber density at the edge of the mold may be much less than inside. In addition, a number of fibers can be aligned vertically (parallel to the axis of the cylinder) along the outer surface (Lankard, 1985) .
The aim of this study is to investigate the effects of fiber volume on the mechanical properties of SIFCON. Within the scope of the study, in addition to the steel fiber-free control group, 13 separate groups of SIFCON samples were produced by using 4%, 8% and 12% steel fibers in volume and with 40, 55, 65 and 80 aspect ratio.
Material and Methods
In this study, the Portland cement CEM II 42.5 produced by Aşkale Cement Plant was used. The physical, mechanical and chemical analysis results of this cement obtained from the producer factory are given in Tables 1 and 2 . The MasterGlenium® ACE 450 product, produced by BASF, was used as a plasticizer additive. This product is a super plasticizing additive which increases the strength of the concrete by increasing the water content of the concrete with high amount of water with the same amount of water. 1.5% of the weight of the cement is added to the mixture. It is effective against frost and permeability. It reduces water used in the mixture by more than 20% depending on dosage. Some properties of superplasticizer additive are given in Table 3 . In this study, natural sand is used which obtained from Erzurum Beton A.Ş. Within the scope of the study, in addition to the steel fiber-free control group, 13 separate groups of SIFCON samples were produced by using steel fibers with 40, 55, 65 and 80 aspect ratio in volume of 4%, 8% and 12%. The amount of material entering into the mixture is given in Table 6 .
Compressive strengths of concretes are determined on cubic samples with 15 cm dimensions. Both 7 and 28 days strengths are calculated. Because the concrete is a material that shows deformation depending on time, the loading speed is an effective parameter on the compressive strength of the concrete (Baradan et al., 2007) . Therefore, all samples were tested under a constant loading rate. For TS EN 12390-3 (2010) 
where F is flexural strength (MPa), P is maximum load (N), L is clearance between abutments (mm) b and d are cross-section dimensions of the sample (mm). The effects of fiber on compressive and flexural strength of the samples were investigated in the samples produced at different fiber volume and aspect ratios.
Research Results

Compressive strength test
The results of the compressive strength of SIFCON samples obtained by using fiber of different volumes and fiber of different aspect ratio with the control group for 7 days and 28 days cure application are presented in Tables 6 and 7. 
Flexural strength test
The results of the 3-point flexural strength for 7-days and 28 days cure applied SIFCON samples are presented in Tables 9 and 10 .
Conclusions
The most important outcomes of this study are listed below.  The maximum compressive strength of 7 days cure was obtained in the N80-L8 sample group with 80 aspect ratio and 8% fiber content with 59.22 MPa. According to the control sample, an increase of 22% in compressive strength was observed.  The maximum compressive strength of 28 days cured specimen was 80.12 MPa which is obtained from the N80-L8 group. According to the control sample, an increase in compressive strength of approximately 30% was observed.  According to the results obtained from the experiments, it was determined that there was an increase in the compressive strength values as the aspect ratio increased.  Increasing the fiber volume showed an increase in compressive strengths up to 8% fiber content for each aspect ratio. Over the 8% fiber volume, it became more difficult to place the matrix between the fibers, resulting in a reduction in the compressive strength.  In the 7-day samples, the maximum flexural strength was obtained in the N80-L8 sample group with 80 aspect ratio and 8% fiber content with the value of 33.92 MPa. Flexural strength was increased by about 13 times compared to the control sample. (Farnam et al., 2010) . They indicated that SIFCON's fracture energy can achieve 300-fold of fracture energy of traditional concrete while its tensile strength can achieve 7-15-fold of tensile strength of traditional concrete. These mechanical features indicate that SIFCON is a concrete with superior qualities.  According to the results obtained from the experiments, it was found that the increase in the aspect ratio increases the flexural strength values as well as the compressive strength. However, these increases were more pronounced.  With increasing fiber volume, increase on flexural strengths up to 8% fiber volume have been observed for each aspect ratio. After the fiber volume of 8%, it is difficult to settle between the fibers.  As a conclusion of the experimental results, it is seen that increase on the flexural strength was more meaningful according to compressive strength for SIFCON.  When the test results of samples with a fiber volume of 12% were examined, the aggregate used could not be infiltrated by the dense fiber network of the matrix due to the maximum diameter of 1 mm. As a result, compressive strengths decreased compared to other fiber volumes, but the flexural strengths showed decreases compared to only 8% fiber content. So it was determined that 1 mm aggregate diameter was not suitable for high fiber content. As a conclusion of this study; the results showed that fiber addition improves the properties of concrete and high volume fiber concrete SIFCON has superior mechanical properties. Similarly, Shah and Ribakov (2011) , indicated that; addition of fibers to high-strength concrete improves its mechanical properties and makes the material very attractive for applications in construction.
